Introduction
Basic studies concerned with the carbide precipitation during tempering of steel containing about 2% C and 12% Cr were performed by Sato 
performed the studies on steel coming from an experimental heat, that is a steel of chemical composition corresponding to the matrix of the steel containing 2.3% C and 12% Cr hardened after austenitizing at 950°C for a period of 60 min. Thus, the steel contained 0.59% C and 4.73% Cr. According to Sato et al. in this steel, the transformation of carbides during tempering occurs after the scheme:
M' ! e ! HM 3 C ! M 7 C 3 :
Almost at the same time Apajew (Ref 2) announced that chromium steels with the ratio Cr/C > 3, the carbides transformations occur according to the scheme:
M ! e ! Fe 3 C ! Fe; Cr ð Þ 3 C ! Cr; Fe ð Þ 7 C 3 ;
whereas according to Kimura Głowacki (Ref 4) , in the steels 195H12/NC11, and with substantial content of nitrogen (NC11N steel with 0.06 N) during tempering, the transition carbides e, v, and Fe 3 C are formed, and M 3 C and M 7 C 3 form at higher temperatures. According to Kowalski (Ref 6) in the steel of type 165H12/NC10 hardened after austenitizing at 1000°C through a period of 15 min during tempering the carbides Fe x C precipitate, which transform into M 3 C and these, during tempering at 450-700°C, are transformed into chromium-iron carbides M 7 C 3 . In other studies ( Ref 7, [9] [10] [11] , concerned with carbides precipitation during tempering the steel of type 217H12WF, it was not unilaterally established that v carbides arise. In the literature, there is lack of complete elaboration concerned with the carbide precipitation process during tempering of this type of steels.
Different aspects concerning behavior of M 7 C 3 carbides in steels were considered recently (Ref [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Stacking faults within iron-chromium carbide of the type (Fe,Cr) 7 was to establish what carbides are formed during 2-h tempering of D3 (or 217H12WF) steel hardened after austenitizing at 1050°C throughout 30 min time. The identifying carbide identification studies were performed by the method of electron diffraction from extraction carbides replicas.
The results of this study will be helpful in solving the problems concerning adhesion and life of superhard layers coating over the working surface of tools made of this type of steel. It is worth stating that the other authors' ways are just as valid but different in getting a response for technological problems.
Material and Method

Chemical Composition of the Steel and Heat Treatment
The studies were performed on D3 tool steel of composition given in Table 1 . The samples for the studies were made of rods with diameter 13 mm, forged soft annealed, and coming from the same heat.
Study Method
Method of heat treatment, microscopic studies on an optical microscope, the studies of hardness and determination of retained austenite contents by a magnetic method, and carbides by electrolytic extraction method were given in previous publications (Ref [9] [10] [11] [12] [13] [14] .
Metallographic Studies by Means of an Electron
Microscope by Extraction Replicas Method. Carbide replicas were made. Microsections of samples (/ 12 mm) were prepared mechanically using abrasive papers and diamond pastes. After a selective etching of a microsection, the surface matrix was prepared by means of Triafol-TN. Then the Triafol-TN matrix was coated by carbon, and the Triafol-TN layer was dissolved. The structure photographs and electron diffractions from extraction replicas were performed at an acceleration voltage of 100 kV. The carbide phase analysis was performed based on d hkl value given in previous publications (Ref 25, 26) . 100 200 300 400 500 600 700 Primary and secondary carbides -not dissolved during austenitization 
Results
In this work, the study results of tempering performed on AISI D3 (217H12WF) tool steel under consecutive increasing temperatures are given. Changes in retained austenite and carbide contents are presented in Fig. 1 . A sharp drop in the retained austenite contents is observed above 450°C, whereas the carbide contents grow steadily with a steeper growth in the tempering temperature range of 600-700°C.
The resulting changes in structure and identification of carbides by means of a transmission electron microscope and extraction replicas were investigated. The studies were performed on samples after tempering at the following temperatures: 200, 350, 500, 600, and 700°C. Selected from the Marked area of diffraction given in (b)
Fine plate carbides (Fig. 2) , the steel microstructures and diffraction patterns of extraction replicas have been presented in the following Fig. 3-6 . During tempering at 200°C, very fine carbides of plate shape (Fig. 3) arise in the region of martensite. The diffraction studies of replicas revealed that they are transition iron carbides e and v; also, Fe 3 C carbides occur.
During tempering at 350°C, carbides that earlier precipitated from martensite assume the shape of a stick/rod. Then, the carbides of plate shape and the orientation in agreement with martensite orientation precipitate (Fig. 4) , with some precipitated carbides, assuming spheroidal shape. The occurrence of carbides of a spheroidal shape, besides the rod/stick-like ones, is visible in Fig. 3 . The diffraction replicas studies have revealed that in the areas of martensite occurrence, the e, v, and Fe 3 C carbides are formed. After tempering at 500°C, the phenomenon of forming a large number of plate-like carbides draws the attention in some matrix locations (Fig. 5) . Occurrence of these carbides may result from the pearlitic transformation of the retained austenite. Some of them, due to coagulation occurrence, assume a sticklike form successively.
The phase analysis, using the method of electron diffraction of replicas, revealed that during tempering at 600°C, the v, M 3 C, and M 7 C 3 carbides arise in the steel, whereas after tempering at 700°C, besides M 7 C 3 carbides, some traces of M 3 C carbides have appeared. Tempering at 700°C results in an intensive coagulation, coalescence, and spheroidisation of carbides precipitated from the matrix. The shape of these carbides, however, clearly departs from the spheroidal one (Fig. 6 ).
Conclusions
Based on the experimental studies carried out, the following conclusions may be formulated:
(1) In the studied steel of type D3 (or 217H12WF), hardened after austenitizing at 1050°C for 30 min and tempering during 2 h at the temperature range of 200-700°C, the following carbides are formed:
Apart from higher mentioned carbides, there are also big primary carbides and fine secondary M 7 C 3 carbides which have not dissolved during austenitizing. The weight fraction of these carbides equals about 17.2%.
(2) Based on the studies performed, as well as the literature data, one may assume the following sequence of carbides precipitation
in the studied steel, with e carbide occurring in the tempering temperature range up to about 350°C, and v carbides up to 600°C.
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